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FREQUENCY SHIFT COMPENSATION, SUCH AS FOR USE IN A WIRELESS 
UTILITY METER READING ENVIRONMENT 

CROSS-REFERENCE TO RELATED APPLICATION(S) 

[0001] This application claims the benefit of U.S. Provisional Patent Application 
No. 60/558,522, filed on March 30. 2004. 

TECHNICAL FIELD 

[0002] The embodiments described below relate generally to wireless utility 
data collection systems, and more particularly, to compensating frequency drifts of 
transmitters and receivers. 

BACKGROUND 

[0003] Wireless transceivers, such as those used in wireless utility meter 
reading, often utilize a radio frequency (RF) signal to send data between a 
transmitter and a receiver. In an ideal frequency modulated (FM) system, the 
frequency of the transmitter and the receiver are matched. Even a slight difference 
in frequency can lead to a reduction in system performance. 

[0004] Both cost and accuracy of a system suffer as a result of compensating 
for frequency shifting between the transmitter and the receiver. In order to keep the 
costs down, less expensive oscillator circuits are often used. Errors in frequency 
can result from temperature shifts, aging, mechanical shock, and manufacturing 
tolerances. These errors tend to be randomly distributed and change over time. 
Consequently, frequency accuracy may drift, and if the drift is too great, then the 
receiver may not be able to decode the incoming signals. 

[0005] Typically, to compensate for the frequency difference of a transmitter 
and its corresponding receiver, either a system is designed with stable and accurate 
reference oscillators, which in many cases are expensive, or the bandwidth of the 
system is widened so that the shifts in frequency fall within the bandwidth of the 
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receiver. Widening the bandwidth can lower the signal-to-noise ratio (SNR) of the 
system, which, in turn, decreases the performance of the system. The SNR 
measures the strength of a signal relative to the background noise and is measured 
in decibels (dB). Maximizing the SNR can increase the performance of the system. 

[0006] Specific modulation schemes compensates for the shift in frequency 
between the transmitter and the receiver. One modulation scheme, called 
quadrature modulation, subdivides a binary data stream into pairs of two bits and 
represents each pair with one of four levels before performing modulation. 
Quadrature Phase Shift Keying (QPSK) refers to a type of quadrature modulation in 
which two data bits represent four different possibilities: 0 degrees, 90 degrees, 180 
degrees, and -90 degrees. These four levels correspond to positions around the 
unit circle when the unit circle represents phase. One drawback of QPSK is that 
large phase changes at the end of each symbol (pair of two data bits) can lead to 
undesirable transitions if the waveform is to be filtered and subsequently processed 
by a nonlinear power amplifier. 

[0007] Another popular type of modulation is binary frequency shift keying 
(BFSK). In BFSK, binary baseband data selects one of two carrier frequencies with 
equal amplitudes: one carrier frequency corresponds to a "1" and the other carrier 
frequency corresponds to a "0". In effect, the "frequency" is "shifted" to "key" the 
data. Since the frequency shifts or "keys" between two frequencies, the process is 
referred to as binary frequency shift keying. 

[0008] Automatic utility meter reading represents one application that employs 
wireless transceivers. While these transceivers employ QPSK or BFSK, they suffer 
from frequency shifting; therefore, stable frequency sources are necessary. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] Figure 1 is a block diagram of components of a meter reading device, 
configured to employ a frequency compensating process, according to an 
embodiment of the invention. 

[0010] Figure 2 is a block diagram of an example of a system utilizing a 
frequency compensating process. 

-2- 



wo 2005/099093 PCT/US2005/0 11205 

[0011] Figure 3A illustrates two baseband signals, the top signal representing a 
frequency shift during a "1" transmission and the bottom signal representing a 
frequency shift during a "0" transmission, in a case when local oscillators in a 
transmitter and a receiver are matched. 

[0012] Figure 3B illustrates two baseband signals, the top signal representing a 
frequency shift during a "1" transmission and the bottom signal representing a 
frequency shift during a "0" transmission, in a case when local oscillators in the 
transmitter and the receiver are not matched. 

[0013] Figure 4 illustrates components of a zero IF (intermediate frequency) 
receiver. 

[0014] Figure 5 illustrates an example of process steps involved in frequency 
matching of a receiver and transmitter local oscillators and adjusting receiver 
bandwidth, according to an embodiment of the invention. 

DETAILED DESCRIPTION 

[0015] Various embodiments of the invention will now be described. The 
following description provides specific details for a thorough understanding and 
enabling description of these embodiments. One skilled in the art will understand, 
however, that the invention may be practiced without many of these details. 
Additionally, some well-known structures or functions may not be shown or 
described in detail, so as to avoid unnecessarily obscuring the relevant description 
of the various embodiments. 

[0016] The terminology used in the description presented below is intended to 
be interpreted in its broadest reasonable manner, even though it is being used in 
conjunction with a detailed description of certain specific embodiments of the 
invention. Certain terms may even be emphasized below; however, any terminology 
intended to be interpreted in any restricted manner will be overtly and specifically 
defined as such in this Detailed Description section. 

[0017] As described below, in some embodiments, a transmitter first sends a 
known symbol at a low data rate, where the symbol contains both states of 
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frequency modulated (FM) binary data. Because the data rate is low, the receiver 
can widen its bandwidth and maintain the same sensitivity as it has during a normal 
high data rate transmission and detect a minimum signal level with an acceptable 
signal-to-noise ratio (SNR). The receiver needs only widen its bandwidth to the 
maximum possible frequency shift between the transmitter and the receiver. To 
determine the maximum possible frequency shift, and therefore the necessary 
bandwidth, the receiver uses a reference frequency to compute drifts and deviation 
errors. 

[0018] As explained below, one embodiment of the invention employs a zero IF 
(intermediate frequency) receiver. A typical zero IF receiver mixes an incoming FM 
signal with a reference signal at the exact or expected carrier frequency of the 
transmitted signal, and produces an output baseband signal that is equal to the 
original FM modulation deviation. The original FM modulation deviation refers to the 
difference of the frequency of a transmitter's local oscillator (LO) from the 
frequencies at which the binary data are transmitted. The resulting signal is then 
demodulated to recover an original data stream with minimal noise. 

[0019] If the transmitter and the receiver are not exactly matched in frequency, 
then a received signal, when mixed down to baseband, contains an error signal in 
addition to a modulated signal. The error signal equals the difference between a 
transmitter carrier frequency and a receiver reference frequency. If this error is 
sufficiently large, it may reduce the performance of the receiver in a meter-reading 
system. The computed error, as described by the embodiments of the invention, is 
used to adjust a receiver's LO frequency and its bandwidth to allow the reception of 
a signal with an estimated maximum frequency error. 

SAMPLE SYSTEM APPLICATION 

[0020] Typical meter reading devices come in two forms: (1) manual input and 
(2) automatic meter reading (AMR) devices. Manual input devices typically employ a 
keypad and a display on a portable device. A meter reader or operator views a 
meter and inputs the read data using the keypad. Automatic meter reading devices 
periodically gather data from a meter automatically, and transmit it to a collector. 
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[0021] In Figure 1, one example of a reader 100 is shown as having a 
processor 112 that couples to the keypad 102 and display device 104. Various other 
output devices may be employed in addition to, or in lieu of, the visual display 
device, such as a printer, plotter, speakers, tactile or olfactory output devices, etc. 
Likewise, various other input devices may be employed in addition to, or in lieu of. 
the keyboard, such as a pointing device (for example, a mouse or track ball), touch- 
sensitive display, track pad, a microphone, joystick, pen, game pad, scanner, digital 
camera, video camera, etc. While not shown, the reader 100 may include a trigger 
switch, possibly in conjunction with a handle. Other input devices may Include a 
keypad, and so forth. As described herein, a reduced number of keys may be 
provided over standard meter reading devices. 

[0022] A memory module 114 stores data (e.g., images) and software 
routines executed by the processor, while a power source 106, such as 
rechargeable batteries, provide power to the reader 100. The memory may include 
any type of computer-readable media that can store data accessible by the reader 
100, such as magnetic hard and floppy disk drives, optical disk drives, magnetic 
cassettes, tape drives, flash memory cards, digital video disks (DVDs), Bernoulli 
cartridges, RAMs, ROMs, smart cards, etc. The reader 100 also includes a radio 
transceiver 108 for capturing automatic meter reading (AMR) data. 

[0023] While Figure 1 shows a single processor 112, those skilled in the 
relevant art recognize that the reader 100 may employ multiple processors that 
divide tasks of routines. The term "processor" is generally used herein and refers to 
any logic processing unit, such as one or more central processing units (CPU), 
digital signal processors (DSP), application-specific integrated circuits (ASIC), etc. 
While the processor 112 and other components of the reader 100 are shown as 
separate blocks, some or all of these blocks may be monolithically integrated into a 
single chip. 

[0024] Each of the blocks shown in Figure 1 and other Figures are of a type 

known in the art, and one skilled in the relevant art would be able to use such 
circuits or subsystems to practice aspects of the invention. The internal details of 
these blocks are neither part of, nor critical to, aspects of the invention. Therefore, a 
detailed description of the internal circuit operation is not required for each of these 
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blocks. Relevant functionality with respect to aspects of the reader 100 is described 
in detail herein. 



[0025] The radio transceiver 108 permits wireless transmission and/or 

reception of signals. Other known modules may be included, such as a global 
positioning system (GPS) module, a telescoping pole or handle to suspend the 
reader 100 at a considerable distance from the ground to gather images from meters 
positioned at above ground-level locations, and so forth. 

[0026] In Figure 2, another example of an automatic meter-reading system is 

shown as system 200 that includes a meter-reading data collection system having 
multiple meters 220 coupled to utility-consuming devices (not shown), such as 
electric, gas, or water consuming devices or locations. In this illustrated 
embodiment, each meter 220 includes an encoder receiver/transmitter module 
(ERT) 224, which serves as a data collection endpoint. 

[0027] The ERTs 224 encode consumption, tamper information, and other 

data from the meters 220 and communicate such information to a central control unit 
(CCD) 228. The communication of this data may be accomplished via radio-to-radio 
data collection systems such as handheld, mobile automatic meter reading or fixed 
networks. The ERTs 224 can be retrofitted to existing meters or installed on new 
meters during the manufacturing process. In a system for electrical metering, the 
ERTs 224 may be installed under the glass of new or existing electric meters 220 
and are powered by electricity running to the meter. Gas and water ERTs 224 can 
be attached to the meter 220 and powered by long-life batteries. 

[0028] As shown in Figure 2, a group of ERTs 224 communicates with one of 
the ecu devices 228, which in turn feeds collected data to a head-end system 230 
via periodic uploads. This may occur on an ongoing basis (e.g., every half-hour) or 
as otherwise needed. The CCDs 228 may be implemented as neighborhood 
concentrators that read the ERTs 224, process data into a variety of applications, 
store data temporarily, and transport data to the head-end system 230 as needed. 
In some embodiments, the CCUs 228 can be installed on power poles or streetlight 
arms. 
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[0029] Further details about the system of Figure 2 and similar systems can 
be found in the following commonly assigned patent applications: U.S. Patent 
Application No. 09/911.840, entitled "Spread Spectrum Meter Reading System 
Utilizing Low-speed/High-power Frequency Hopping," filed July 23, 2001; U.S. 
Patent Application No. 09/960,800, entitled "Radio Communication Network for 
Collecting Data From Utility Meters," filed September 21, 2001; and U.S. Patent 
Application No. 10/024,977, entitled "Wide Area Communications Network for 
Remote Data Generating Stations," filed December 19, 2001. 

VARIABLE FILTER SYSTEM 

[0030] Both systems, the reader 100 of Figure 1 and the system 200 of Figure 
2, may employ RF receivers, such as an IF or a zero IF receiver. A zero IF receiver 
mixes a received signal directly to a baseband frequency rather than to an 
intermediate frequency. As a result, error detection occurs at the baseband 
frequency rather than at a higher frequency. Error detection at lower frequencies 
presents an advantage over error detection at higher frequencies since lower 
frequencies may be measured by inexpensive microcontrollers. 

[0031] Some embodiments of the invention utilize a zero IF receiver. For 
example, a typical FM receiver receives a signal, such as 916 MHz, and 
subsequently mixes it with another frequency, such as 846 MHz, to get a 70 MHz 
difference signal that is then processed. With a zero IF receiver; however, a 916 
MHz signal mixes with a local 916 MHz signal. If the FM modulation deviates by ±10 
kHz, then this produces a plus or minus signal of 10 kHz which is then filtered and 
processed. It is generally easier to filter a lower frequency signal since there are, for 
example, effective, existing, and relatively inexpensive 12-pole filters. 

[0032] In a zero IF receiver, a local oscillator (LO) is tuned to the center 
frequency of an intended received channel, for instance, the frequency of the carrier. 
The received signal typically deviates about this center frequency at some known 
deviation amount. For example, the center of the channel might be at 433 MHz and 
an RF signal on this channel modulates by ±10 kHz. The RF signal would then be 
433.01 MHz for a digital "1" and 432.99 MHz for a digital "0." Low cost 
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microcontrollers cannot measure high frequency signals of 433 MHz, but they can 
measure frequencies in the 10 kHz range. 



[0033] In the zero IF system, a mixer down-converts the frequency of the 
received signal. In other words, the local oscillator (LO) shifts the frequency of the 
received signal to obtain a desired frequency band for subsequent demodulation. In 
a digital radio, this data is typically a "1" or a "0". For example, sending a "1" means 
that the frequency is increased from the carrier frequency, and sending a "0" means 
that the frequency is decreased from the carrier frequency. 

[0034] Figure 3A shows two centered baseband signals that have matched 
local oscillators in the transmitter and the receiver. The top baseband signal 
represents the frequency shift "FrF2," when transmitting a "1". The bottom 
baseband signal represents the frequency shift, "F1-F2," when transmitting a "0," 
where Fi is the transmitter LO frequency and F2 is the receiver LO frequency. The 
top and bottom baseband signals are matched, meaning that they have the same 
frequency and that no error has been detected between the two. The baseband 
signals corresponding to "1" and "0" are matched because the output of the LO has 
the same frequency as the received signal carrier wave. 

[0035] Figure SB shows two baseband signals, representing the frequency 
shifts when transmitting a "1" and a "0", that have a local oscillator in the transmitter 
and receiver that are not matched, introducing an error and causing the baseband 
signals to be un-centered. The frequency of the baseband signal during a "1" no 
longer matches the frequency of the baseband signal during a "0" because the 
frequency of the received signal carrier wave differs from the frequency of the output 
of the receiver's LO, As a result, the error may diminish the ability of the decoder to 
reconstruct the original data, and the radio sensitivity might decrease. If the error is 
sufficiently large, then the decoder may not be able to decode any data. 

[0036] Figure 4 shows components of a zero IF receiver 400 which may employ 
aspects of the invention. An amplifier 404 amplifies a received signal 402 to 
produce an amplified RF signal Fi. A local oscillator (LO) 408 in the receiver 400 
produces a periodic signal at the same or the expected frequency of the received 
carrier wave. Figure 4 shows that the LO 408 generates a signal F2 that mixes with 
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the amplified RF signal Fi in a mixer 406. The mixer 406 effectively down-converts 
the received signal 402 and translates the received signal's frequency spectrum to a 
lower frequency to facilitate subsequent demodulation. 

[0037] Preferably, the mixer 406 generates a signal representing the difference 
between Fi and F2, namely "F1-F2 ." which is the deviation of the transmitter from the 
expected center frequency, and in this example is 433 MHz. The output signal from 
the mixer 406, "F1-F2", enters into a variable lowpass or bandpass filter 410, with an 
ideal or predetermined frequency response, in order to limit the bandwidth of the 
receiver 400 for the purpose of decreasing interference from unwanted signals. The 
variable lowpass filter 410 passes the frequency components of the "F1-F2" signal 
that lie within the passband of the filter and eliminates frequency components that 
are outside the expected frequencies. 

[0038] Figure 4 shows that the Mixer 406 generates a pair of baseband signals 
414, I (in-phase) and Q (quadrature). I and Q signals 414 enter a demodulator 412, 
which reconstructs the original data signal with minimal noise. While the two 
baseband signals 414, I and Q, are used to demodulate the data, only one of the 
signals is needed to detect the baseband frequency error between the received 
signal 402 and the LO 408. As explained below, the receiver 400 adjusts the LO 
408 to a new centering frequency for more accurate decoding. (An example of a 
zero IF receiver chip that provides I and Q output signals is produced by BlueChip of 
Norway, Part No. BCC418.) 

[0039] In a zero IF receiver, the down-conversion of the frequency spectrum 

of the received signal 402 to a lower frequency, to facilitate demodulation, results in 
the mixer 406 typically generating the baseband signals 414 I (in-phase) and Q 
(quadrature). I and Q signals 414 represent 10 kHz square waves in this example. 
When Fi equals 433 MHz, 433.01 MHz corresponds to "Fi + 10 kHz," representing a 
"1 and 432.99 MHz corresponds to "Fi - 10kHz," representing a "0". 

[0040] The system 400 employs one of the baseband signals 414, I or Q, to 
detect a frequency error between the received signal Fi 402 and the signal F2 
generated by the LO 408. The frequency error can be found by measuring the 
frequency shift during the transmission of a "1" and a "0". For example, if the 
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endpoint frequency drifts high by 2 kHz, then the output of the mixer 206 would be 
12 kHz during a "1" and 8 kHz during a "0". 



[0041] From this frequency error, the receiver 400 determines the new 

centering frequency and adjusts the LO 408 to regain a good match for I and Q (e.g. 
an equal 10KHz spread from the center frequency for "0" and "1"). The adjustment 
of the LO 408 ensures more accurate decoding and allows the system to 
compensate for frequency shifting. In this embodiment the transmitter first sends a 
known symbol at a low data rate, which represents the two binary data states, for 
example a "0" and a "1." Because the data rate is low during the initial 
communication, the receiver can widen its bandwidth and maintain the same 
sensitivity as during a normal high data rate transmission. The receiver need only 
widen its bandwidth to accommodate the maximum possible frequency shift between 
the transmitter and the receiver. 

[0042] In particular, the receiver 400 examines the baseband signals 414 

during an initial period of communications when a known low data rate symbol is 
sent. The receiver 400 increases the bandwidth of the receiver filter to allow an 
estimated worst case frequency error to pass. The system 400 may not need to 
adjust for bandwidth, depending on the expected frequency error. If the worst case 
error exceeds the bandwidth of the filter, then the filter bandwidth is increased. But, 
if the bandwidth Is sufficient to accept the worst case frequency error, then the filter 
may be left unchanged. 

[0043] A microcontroller 420 provides a control or filter adjustment signal to the 
variable lowpass filter 410. For example if, during normal operation, the lowpass 
filter 410 has a lowpass bandgap of approximately 30 kHz, then the microcontroller 
420 causes the variable lowpass filter to widen its bandgap during the initial 
communication period to approximately 60 kHz, centered on the expected baseband 
frequency. With the widened bandwidth, the microcontroller 420 then analyzes the 
frequency error between a "1" and a "0" in this example. 

[0044] By examining the relationship of the baseband signal frequencies 

during the "1" and "0" portions of the known low rate symbol, the receiver 400 can 
determine the frequency error and adjust its local oscillator 408 until the signal 
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becomes appropriately centered. Thus, the microcontroller 420 also provides a 
frequency compensation signal to the LO 408, which in response, adjusts its 
frequency to match the carrier frequency of the received signal 402. 

[0045] The microcontroller 420 may provide another filter adjustment signal to 

the variable lowpass filter 410 to allow the bandwidth to return to a narrower state so 
that the filter 410 again reduces or eliminates interference from unwanted signals 
and improves the SNR at the receiver. When the actual data follows the known low 
data rate symbol, the receiver 400 is matched in frequency with the transmitter, and 
the sensitivity of the receiver 400 improves. Increasing the bandwidth of the 
baseband filter may reduce sensitivity for decoding the actual data, but enables the 
receiver 400 to find the carrier frequency. 

[0046] Once the carrier frequency of the signals is found, the receiver 400 can 

calculate the error and center the LO 408, reducing the baseband bandwidth to 
regain sensitivity. Calculating the frequency error between Fi and F2 in this 
embodiment requires the receiver 400 to receive only a single "1" and a single "0." 
Under an alternative embodiment, the receiver need only analyze one bit, a "1" or a 
"0." Thus, this alternative can permit quicker frequency compensation, but can 
require greater accuracy or a longer signal preamble during the initial communication 
period. If the receiver knows how a "1 " or a "0" is modulated, for example that a "1" 
is modulated by adding a deviation frequency to the transmitter carrier frequency, 
the receiver will recognize the arrived bit and will not need to know which binary 
value to expect. 

[0047] In another alternative embodiment, the receiver will expect the signal to 
be shifted up by half of the modulation range (V2M) and thus be transmitted by 
(Fi+>4M) frequency during the first data state of symbol transmission; therefore, the 
receiver will move its reference up by this amount. The incoming transmission will 
generate a baseband signal equal to Errori. The demodulated signal will go high if 
the generated baseband signal is above the receiver reference, and low if it is below 
the receiver reference. At this point, the receiver computes the frequency of the 
baseband signal. This determines the error, and the direction of the error (+/-). 
Note that Errori has a polarity given by the state of the modulated bit. i.e. Errori is 
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positive in this example if the modulated bit is a "1" and is negative if the modulated 
bit is a "0." 



[0048] The receiver can now adjust its reference signal down by the modulation 
amount (M), expecting the new signal to be shifted down by half of the modulation 
amount (YzM) and be transmitted by (Fi-y2M) frequency. During the second data 
state of the symbol transmission, the receiver will generate a baseband signal equal 
to Error2. The receiver obtains the frequency of this baseband signal, and checks 
the state of the demodulated output to determine the polarity of the error. Errori and 
Error2 contain all the information for the computation of the carrier frequency of the 
transmitter, as follows: 

Errori - Error2 = D, the deviation of the transmitter 

Errori - V^D = frequency difference between the transmitter LO frequency and 
the receiver LO frequency 

= % (Errori + Error2). 

[0049] In another embodiment, the receiver does not adjust its carrier frequency 
for either of the arriving data states of the data symbol, rather the receiver mixes 
both data state signals with the same LO frequency. Therefore, a frequency Bi of 
the generated baseband signal, representing the down-converted data signal 
transmitted by (Fi+y2M) frequency, is equal to (Errori+VzM) in the previous 
embodiment, and a frequency B2 of the generated baseband signal, representing 
the down-converted data signal transmitted by (F1-V2M) frequency, is equal to 
(Error2-V2M) in the previous embodiment. Again, the demodulated signal will go 
high, if the generated baseband signal is above the receiver reference, and low if it 
is below the receiver reference, which determines the direction of the error (+/-). 

[0050] In this alternative embodiment the frequency difference between the 
transmitter reference and the receiver reference is merely the average of the two 
baseband signals, as illustrated below: 

(Bi + B2) = 72 [(Errori+y2M) + (Error2-y2M)] = 'A (Errori + Errorz), 

which is the same as in the previous example. 
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[0051] In yet another embodiment the receiver may mix both data state signals 
with a frequency lower than the receiver reference frequency to place the down- 
converted frequencies Bi and B2 within any desired frequency range. In this 
embodiment also, the frequency difference between the transmitter reference and 
the receiver reference is merely the average of the two baseband signals Bi and 82- 
This is a down-conversion between a typical IF and a zero IF conversion. 

[0052] In yet another embodiment, the transmitter frequency modulates the first 
binary number by adding Mi to the transmitter carrier frequency and the second 
binary number by subtracting M2 from the transmitter carrier frequency. The receiver 
400 then mixes both data signals with the estimated carrier frequency of the 
transmitter. The frequency Bi of the generated baseband signal, represents the 
down-converted data signal modulated by (F1+M1) frequency and the frequency B2 
of the generated baseband signal, represents the down-converted data signal 
transmitted by (F1-M2) frequency. Again, the demodulated signal will go high, if the 
generated baseband signal is above the receiver reference, and low if it is below the 
receiver reference, which determines the direction of the error (+/-); however, the 
advance knowledge of the order of data signals is not required. In this embodiment 
the frequency difference between the transmitter reference and the receiver 
reference is computed by: 

B2 + M2(Bi - B2)/(Mi + M2). 

Any of the above mentioned computations may be performed, for example, by the 
microcontroller 420. 

[0053] Following the data symbol transmission, the transmitter sends the data 
payload, using its normal data rate and protocol. The receiver can adjust its 
reference frequency and bandwidth to exactly match the transmitter, and thus 
optimize system performance. The duration of the initial symbol need only be long 
enough for the receiver to acquire the symbol, and make the required adjustments 

[0054] In the embodiments described above, the receiver 400 uses un-decoded 
data, which tends to be fast, precise, and accurate. Traditionally, the use of un- 
decoded signals to determine frequency error has been ignored in favor of using 
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decoded signals. The receiver 400, wliich utilizes un-decoded signals to determine 
frequency error, can be used in a variety of applications, such as for stable, low cost, 
low power meter-reading transceivers in a narrow band, high performance system. 

[0055] In another alternative embodiment, decoded data output determines a 
center frequency. If the decoded data output Is asymmetrical, then an offset in the 
frequency may occur. The LO is adjusted and the decoded data output is checked 
again for symmetry. This alternative takes several "1"s and "0"s to determine the 
frequency error that is then removed by a successive approximation of symmetry 
errors. If the endpoint frequency is too far off, then a data decoder may not be able 
to decode data out of the frequency deviation and the receiver will have to search for 
the endpoint signal. This method relies on decoded data which tends to be prone to 
error due to a mismatch in the frequencies of the received signal and the signal from 
the LO. Using decoded data tends to lead to a slower system that consumes more 
power. 

[0056] Figure 5 illustrates an example of process steps involved in frequency 
matching of receiver and transmitter local oscillators and adjusting the receiver's 
bandwidth, according to embodiments of the invention. At step 510 a first signal, 
representing a first binary value, is received by a receiver. At step 520 the received 
first signal is mixed with a signal generated by the receiver's LO, wherein the 
receiver's LO frequency is the same as that expected from the transmitter's LO. At 
step 530 a second signal, representing a second binary value, is received by the 
receiver. At step 540 the received second signal is mixed with the signal generated 
by the receiver's LO. At step 550 the mixed signals pass through a receiver filter. At 
step 560 the difference between the transmitter's LO frequency and the receiver's 
LO frequency is computed based on the average of the two filtered signals. At step 
570 the receiver's LO frequency is compensated by the computed value. At step 
580 the bandwidth of the variable receiver filter is adjusted around the compensated 
receiver's LO frequency such that to allow a signal with maximum frequency error to 
pass. 

[0057] Note that in any of the above embodiments the receiver, based on the 
computed values, may choose to: 
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center its carrier frequency but not change its bandwitfi; 



change its bandwith but not center its carrier frequency; 

center its carrier frequency and change its bandwith; or 

not center its carrier frequency and not change its bandwith. 

[0058] In yet another embodiment, data is transmitted by a first transceiver and 
received by a second transceiver. In this embodiment the second transceiver, using 
the received signals, computes the frequency error and if needed adjusts its carrier 
frequency and bandwidth in a manner similar to any of the above mentioned 
embodiments. However, in this embodiment the second transceiver sends a 
message to the first transceiver including the computed error information. In 
response the first transceiver adjusts its carrier frequency for the rest of the data 
transfer session. 

CONCLUSION 

[0059] Aspects of the invention may be stored or distributed on computer- 
readable media, including magnetically or optically readable computer discs, as 
microcode on semiconductor memory, nanotechnology memory, or other portable 
data storage medium. Indeed, computer-implemented instructions, data structures, 
screen displays, and other data under aspects of the invention may be distributed 
over the Internet or over other networks {including wireless networks), on a 
propagated signal on a propagation medium (e.g., electromagnetic wave(s). a sound 
wave(s), etc.) over a period of time, or may be provided on any analog or digital 
network (packet switched, circuit switched or other scheme). Those skilled in the 
relevant art will recognize that portions of the invention reside on a server computer, 
while corresponding portions reside on a client computer such as a mobile device. 

[0060] Unless the context clearly requires otherwise, throughout the description 
and the claims, the words "comprise," "comprising," and the like are to be construed 
in an inclusive sense, as opposed to an exclusive or exhaustive sense; that is to say, 
in the sense of "including, but not limited to." As used herein, the terms "connected," 
"coupled," or any variant thereof, means any connection or coupling, either direct or 
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indirect, between two or more elements; the coupling of connection between the 
elements can be physical, logical, or a combination thereof. Additionally, the words 
"herein," "above," "below," and words of similar import, when used in this application, 
shall refer to this application as a whole and not to any particular portions of this 
application. Where the context permits, words in the above Detailed Description 
using the singular or plural number may also include the plural or singular number 
respectively. The word "or," in reference to a list of two or more items, covers all of 
the following interpretations of the word: any of the items in the list, all of the items in 
the list, and any combination of the items in the list. 

[0061] The above detailed description of embodiments of the invention is not 
intended to be exhaustive or to limit the invention to the precise form disclosed 
above. While specific embodiments of, and examples for, the invention are 
described above for illustrative purposes, various equivalent modifications are 
possible within the scope of the invention, as those skilled in the relevant art will 
recognize. For example, while processes or blocks are presented in a given order, 
alternative embodiments may perform routines having steps, or employ systems 
having blocks, in a different order, and some processes or blocks may be deleted, 
moved, added, subdivided, combined, and/or modified. Each of these processes or 
blocks may be implemented in a variety of different ways. Also, while processes or 
blocks are at times shown as being performed in series, these processes or blocks 
may instead be performed in parallel, or may be performed at different times. 

[0062] The teachings of the invention provided herein can be applied to other 
systems, not necessarily the system described above. The elements and acts of the 
various embodiments described above can be combined to provide further 
embodiments. 

[0063] All of the above patents and applications and other references, including 
any that may be listed in accompanying filing papers, as well as the U.S. Utility 
Patent Application entitled "Dual Mode AM-FM Receiver with l-Q Decoding, such as 
for Utility Data Collection," filed March 30, 2005, assigned to Itron, (Attorney Docket 
No. 10145-8023US), are incorporated herein by reference. Aspects of the invention 
can be modified, if necessary, to employ the systems, functions, and concepts of the 
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various references described above to provide yet further embodiments of the 
invention. 



[0064] These and other changes can be made to the invention in light of the 
above Detailed Description. While the above description describes certain 
embodiments of the invention, and describes the best mode contemplated, no 
matter how detailed the above appears in text, the invention can be practiced in 
many ways. Details of the compensation system described above may vary 
considerably in its implementation details, while still being encompassed by the 
invention disclosed herein. As noted above, particular terminology used when 
describing certain features or aspects of the invention should not be taken to imply 
that the terminology is being redefined herein to be restricted to any specific 
characteristics, features, or aspects of the invention with which that terminology is 
associated. In general, the terms used in the following claims should not be 
construed to limit the invention to the specific embodiments disclosed in the 
specification, unless the above Detailed Description section explicitly defines such 
terms. Accordingly, the actual scope of the invention encompasses not only the 
disclosed embodiments, but also all equivalent ways of practicing or implementing 
the invention under the claims. 

[0065] While certain aspects of the invention are presented below in certain 
claim forms, the inventors contemplate the various aspects of the invention in any 
number of claim forms. For example, while only one aspect of the invention is 
recited as embodied in a computer-readable medium, other aspects may likewise be 
embodied in a computer-readable medium. Accordingly, the inventors reserve the 
right to add additional claims after filing the application to pursue such additional 
claim forms for other aspects of the invention 
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